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Abstract 
Dawsonite-bearing carbonate veins are abundant in a compact mudstone layer of the lower part of the Izumi Group, 
SW Japan. The mode of occurrence of the veins probably indicates fracturing and mineral sealing associated with 
upwelling of CO2-rich fluid evolved in the reservoir beneath. The carbonate veins studied here can be a natural 
support to fracturing and healing of mudstone caprock in the CO2 geological storage. 
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1. Introduction 
Dawsonite, NaAl(CO3)(OH)2, is a rare carbonate mineral despite of its chemistry composed only of 
elements enriched in the upper crust. With increasing interest to CO2 geological storage (CGS) as a 
mitigation option of atmospheric CO2 (IPCC [1]), the mineral attracted attentions as a principal CO2-
trapping phase formed in the geochemical processes within the CO2 reservoir. The role of dawsonite as a 
CO2-trapping phase, however, is ambiguous mainly due to missing thermodynamic relevant data for this 
mineral. Recent studies on the CO2 geochemical trapping discuss that the role of dawsonite as a CO2-
trapping phase is very limited, except in the presence of highly saline formation water (Okuyama et al. 
[2]; Xu et al. [3]). 
Natural dawsonite is frequently formed by the influx of external CO2, forming veins in various types 
of host rocks. The mode of occurrence suggests the possibility that the mineral can be a “self-seal” to 
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fractures preventing their further extension. From this point of view, the dawsonite veins and associated 
other carbonate veins in the Izumi Group, southern Osaka, SW Japan, is interesting as their occurrence is 
stratigraphically/structurally limited in a single mudstone layer in the lower part of the Group. This paper 
reports the mode of occurrence of dawsonite of this locality, with mineral chemical characteristics of 
associated calcium carbonates.  
2. Field occurrence of dawsonite-bearing veins  
2.1. Stratigraphic and structural positions  
The geology of the Izumi Group in the southern Osaka was described by Ichihara et al. [4]. The Group 
is divided into two major units, namely, the “Northern Marginal Facies” and the “Main Facies”, in the 
ascending order. The Northern Marginal Facies comprises “Kasayama Conglomerate Formation” and 
overlying ”Azenotani Mudstone Formation”. The Main Facies are composed of thick alternating beds of 
sandstone and mudstone. Dawsonite-bearing veins studied in this paper exclusively found in dark-
colored, compact mudstone of the “Azenotani Mudstone Formation” (Fig. 1). The veins were found 
through repetitive fieldwork by the Kishiwada Nature Club, Kishiwada City Natural History Museum.  
Dawsonite-bearing carbonate veins are not found in the overlying “Main Facies” of the Izumi Group. 
The carbonate veins of any kind are very rare in the Main Facies even in the area where the Azenotani 
mudstone has important dawsonite and other kinds of carbonate veins. On the other hand, carbonate veins 
are abundantly found in the Sennan Rhyolite Formation that underlies the Izumi Group. The felsic 
volcanic rocks as a host of veins are deeply altered, forming abundant carbonates (mainly calcite). The 
mode of occurrence suggests that the CO2-bearing fluid invaded the Azenotani Mudstone Formation, 
having passed through the stratigraphically (and structurally) lower Sennan Rhyolite Formation. 
2.2. Mode of occurrence in outcrops 
The dawsonite-bearing carbonate veins are white-colored, thin (mostly < 0.5 cm in thickness) but 
continuous and are randomly oriented in the host mudstone. The veins are frequently branching in a 
complex way. Although the dawsonite-bearing veins are easily weathered, their presence is frequently 
recognized where they occur in connection to calcareous nodules in the mudstone. Carbonate minerals in 
the veins occur around the outer margin of the nodules that are present in the midway of the extending 
veins. In such a case, carbonates are relatively well-crystallized and we can see dawsonite needles of 
visible size coexisting with platy aragonite crystals. 
The dawsonite-bearing veins are frequently cut later by calcite veins. The calcite veins occasionally 
occur as composite veins having dawsonite-bearing part (“fringe”) in their margin. The detailed textures 
of composite veins are described by Okuyama and Take [5].  
3. Petrography and mineralogy of carbonate veins  
The carbonate veins were examined by means of optical microscopy, SEM-EDS analysis (SEM: JEOL 
JSM-6400, EDS; OXFORD Inca Energy System) and single crystal X-ray analysis to determine the 
carbonate species and their mutual relations. Under the naked eyes and optical microscope, the 
dawsonite-bearing veins having well-crystallized part are in a clear-cut relation to the mudstone wall. 
Disseminated carbonates are not observed in the adjacent mudstone in contact with carbonate veins. The 
dawsonite-dominated veins are composed of a mass of randomly oriented acicular crystals. The SEM-
EDS observation indicates that the acicular crystals are mostly dawsonite with strong X-ray lines of C, O, 
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Na and Al. The X-ray lines of the other elements are not observed, indicating the chemically pure nature 
of dawsonite in this locality. The SEM-EDS analysis has also revealed the presence of calcium carbonate 
with thin platy to acicular habits. The mineral is aragonite judging from its minor element compositions 
as is mentioned below. 
In the composite veins of any size, the massive core and white-colored “fringes” in the marginal parts 
are clearly distinguished. Dawsonite is always limited within the “fringes” of the composite veins. The 
fringes also contain abundant aragonite together with dawsonite, in a relation quite similar to well-
crystallized part of the single vein described above. The fringe is discontinuous to the core: mudstone 
films are frequently recognized at the boundary of these two parts of a composite vein. The core is almost 
composed of calcite of coarser-grained (1-10 mm in size). The two calcium carbonates, namely, aragonite 
in the fringe and calcite in the core, are easily distinguished by the different minor element compositions. 
Aragonite is almost pure calcium carbonate but contains a very small amount of Sr (ca. 0.5 wt% as SrO) 
as an impurity. Calcite contains up to 5 % of Mg, 3% of Fe and minor amounts of Mn together with more 
than 93% Ca (ratios of divalent cations based on the EDS analysis at 15 kV, 0.6 nA, assuming ideal 
numbers of CO3). 
A characteristic feature on the dawsonite-aragonite association in the fringes is the presence of cavities 
on a scale from ca. 1cm to several tens of micrometers. On the other hand, the core of the same vein is 
occupied by massive calcite with no cavities. The presence of open spaces strongly suggests that the 
precipitation of dawsonite and aragonite occurred under dynamic conditions associated with fracturing of 
the host mudstone. 
4. Discussion 
The study area of this paper is in a part once studied by Aikawa et al.[6] who reported the first 
occurrence of rare carbonates (i.e., dawsonite and alumohydrocalcite) in Japan. They also pointed out that 
the veins were restricted within the Azenotani Mudstone Formation in the Northern Marginal Facies (or, 
the basal part) of the Izumi Group. In this study, their conclusion is confirmed by the mode of occurrence 
of dawsonite in the newly found localities. Moreover, we found a temporal relation in carbonate veins in 
the study area that the dawsonite-aragonite veins precede the calcite veins. The dawsonite-bearing veins 
have many cavities. The texture suggests their formation under dynamic conditions accompanied by 
fracture opening. The association of aragonite, a metastable CaCO3, also seems to be concordant with the 
inference that dawsonite crystallized under the conditions away from the equilibrium.  
It is interesting that the dawsonite-bearing veins studied here are formed filling randomly oriented 
fractures. With rising fluid pressure under neutral regional stress regime, the rock commonly develops 
random fractures (Gueguen and Palciauskas [7]). The increasing fluid pressure probably occurs around 
the CO2 reservoir of CGS, and the development of fractures in caprocks is one of the problems for its safe 
implement. The dawsonite-bearing carbonate veins studied here show the formation of fractures in 
mudstone and their “self-seal” through carbonate precipitation to prevent its further extension into the 
upper strata. This can be a natural example of fracturing and mineral sealing that may occur in the process 
of CGS.  
The carbonate precipitates in veins of the Izumi Group change from dawsonite in the early stage to 
calcite in the later stage. The order of formation of carbonates is concordant with the prediction through 
reactive transport simulation (e.g., Okuyama et al. [2]) in which the dominant carbonate during the 
geochemical process changes from dawsonite in the midway to calcite in the final stage. The clear-cut 
relation of carbonate veins indicates that the present localities of veins were not the place of geochemical 
reactions with CO2. The occurrence of veined felsic rocks in the stratigraphically lower Sennan Rhyolite 
Formation suggests that this part of formation can be the past fracture-type reservoir of CO2-rich fluid. 
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We consider that the fluid evolved in the reservoir, to which the Sennan Rhyolite is the most probable 
candidate, successively rose up making fractures in the upper strata, namely, the lower part of the Izumi 
Group. The fractures, however, were immediately “self-sealed” with carbonates to prevent further 
extension into the overlying strata containing more permeable sandstone layers. The carbonate veins in 
the Izumi Group can be a natural analogue for the mechanical response under increasing fluid pressure 
(mainly of CO2) and geochemical seal of fractures by a relatively thin (50-100 m total thickness) single 
mudstone layer.  
 
Fig. 1. Localities of dawsonite-bearing veins in the Izumi Group of the southern Osaka Open circles: localities found 
in this study, solid circles: localities described in Aikawa et al. [6]. Note a stratigraphic constraint of the dawsonite 
localities.  
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